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ABSTRACT Buildings are one of the most significant infrastructures in modern societies. The 
construction and operation of modern buildings consume a considerable amount of energy and 
materials, therefore contribute significantly to the climate change process. In order to reduce the 
environmental impact of buildings, various green building rating tools have been developed. In 
this paper, energy uses of the building sector in Australia and over the world are first reviewed. 
This is then followed by discussions on the development and scopes of various green building 
rating tools, with a particular focus on the Green Star rating scheme developed in Australia. It is 
shown that Green Star has significant implications on almost every aspect of the design of HVAC 
systems, including the selection of air handling and distribution systems, fluid handling systems, 
refrigeration systems, heat rejection systems and building control systems.  
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INTRODUCTION  
 
Buildings are one of the most significant infrastructures in modern societies. The construction 
and operation of modern buildings consume a considerable amount of energy and materials, 
therefore contribute significantly to the climate change process. Worldwide, the Worldwatch 
Institute estimates that the construction and operation of buildings is responsible for 40% of the 
world’s total energy use, 30% of raw materials consumption, and 35% of global carbon dioxide 
(CO2) emissions (Fenner and Ryce, 2008). In 2004, it was estimated that worldwide, the total 
emissions from the building sector, including the electricity consumed, were 8.6 Gt CO2, 0.1Gt 
CO2-eq N2O, 0.4 Gt CO2-eq CH4, and 1.5 Gt CO2-eq halocarbons (including CFCs and HCFCs) 
(Levermore, 2008).  
 
In Australia, buildings are particularly 
a major consumer of energy and 
contributor to greenhouse gas 
emissions due to their heavy reliance 
on grid-supplied electricity which is 
mainly generated from fossil fuels 
(predominantly coal). As shown in 
Figure 1. a combined commercial and 
residential building sector consumes Figure 1. Electricity uses by different sectors in Australia (SEAD, 2000) 
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more than half of total electricity in Australia (SEAD, 2000). This is because many of the current 
buildings have not been well designed and operated. Furthermore, it has also been found that 
energy usage in buildings in Australia is growing faster than in any other sector (AGO, 2000). It 
is predicted that greenhouse gas emissions from the built environment in Australia will more than 
double by 2050 if there is no appropriate action taken (ASBEC, 2007).  
 
CURRENT GREEN BUILDING RATING TOOLS OVER THE WORLD 
 
In face of rapidly increasing consumption of energy resources, and the growing concern on  
sustainability of built environment, various methods including the green building rating tools 
have been developed around the world. Some of these are:  
 
• BREEAM (Building Research Establishment Environmental Assessment Method, UK)  
• LEED (Leadership in Energy and Environmental Design, USA) 
• Green Globes (Canada) 
• DGNB (Deutsche Gesellschaft für nachhaltiges Bauen Bauen – German Association for 
Sustainable Building, German)  
• Green Star (Australia) 
• Green Mark (Singapore) 
• HQE (Haute Qualite´ Environmental - High Environmental Quality, France) 
• PromisE (Environmental Assessment and Classification System, Finland) 
 
Among the above building environmental assessment systems, BREEAM and LEED are 
probably the most widely used and understood.  
 
SCALES AND SCOPES OF DIFFERENT GREEN BUILDING RATING TOOLS  
 
The aim of green building rating tools is to promote the reduction of energy consumption and 
greenhouse gas emissions. However, because of the different requirements, different green 
building rating tools may have covered different scales of environmental issues (e.g. indoor 
environment, outdoor environment and natural resources such as energy and water etc.), different 
life cycle of buildings (e.g. pre-design, design, construction, and operation of buildings), and 
different range of building types (e.g. office buildings, residential buildings, industrial units, and 
retail outlets, schools, hospitals etc.). Moreover, the scope and assessment criteria adopted 
between different schemes may also have significant differences, so that they may use either 
performance-based, criteria-based, energy cost budget method or a mixture of all of them. For 
example, BREEAM assesses the ‘absolute’ performance to minimize the overall emission of 
CO2, while LEED seeks to compare the relative improvements in the design (as a percentage) 
(Lee and Burnett, 2008).  
 
THE DEVELOPMENT OF GREEN STAR IN AUSTRALIA 
 
Overall aims and background 
 
Developed by the Green Building Council of Australia (GBCA), Green Star is a comprehensive, 
national, voluntary environmental rating scheme that evaluates the environmental design and 
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achievements of buildings (GBCA, 2009). It aims to assist the building industry in its transition 
to sustainable development through promoting green building technologies, design practices and 
operations, as well as the integration of green building initiatives into mainstream of building 
development etc. Overall, Green Star offers a platform for the property industry to (GBCA, 
2009): 
 
• Establish a common language  
• Set a standard of measurement for green buildings  
• Promote integrated, whole-building design  
• Recognise environmental leadership  
• Identify building life-cycle impacts and  
• Raise awareness of green building benefits.  
 
The development of Green Star was built on the existing tools in the overseas markets including 
the British BREEAM system and the American LEED system, with necessary localization of 
environmental measurement criteria and benchmarks to the Australian marketplace and 
environmental context. For example, based on the results of a comprehensive stakeholders’ 
survey in Australia, the relative weighting of environmental issues, such as water versus energy, 
was changed to reflect different regional sensitivities to these issues (GBCA, 2009).  
 
Systems of credit points  
 
Table 1. The Green Star categories and available points. 
 
Category Notes Number of 
Credits 
Points 
available 
Management (Man) Addressing the adoption of sustainable 
development principles in a project 
7  12 
Indoor Environment 
Quality (IEQ) 
Targeting on health and wellbeing of its 
occupants 
16  27 
Energy (Ene) Targeting on the reduction of building energy 
usage 
7 24 
Transport (Tra) Promoting accessibility to public transport  4 11 
Water (Wat) Addressing the reduction of potable water 
consumption 
5 13 
Materials (Mat) Targeting on the embodied energy of materials 8 20 
Land use and 
ecology (Eco) 
Addressing the impact of a project on its 
immediate ecosystem 
5 8 
Emissions (Emi) Addressing the sources of pollution from 
buildings and building services 
9 14 
Innovation (Inn) Rewarding the use of innovative technology 3 5 
 
To provide an overall assessment, key aspects to be rated for a green building generally involve 
the examination of whole building performance. As shown in Table 1, Green Star rates 
“greenness” of a project/building by awarding credits points for eight environmental impact 
categories, plus an extra 9th category of “innovations”. Each of these categories has been 
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specifically designed to impact a certain area of building design, construction and operation, and 
to encourage the infiltration of green solutions throughout the entire phases of building 
development. For each category, there are various numbers of credit criteria, and each credit has 
different points available. Whether and how many those points can be awarded or credited is 
dependent on the assessment by the Certified Assessors from GBCA, based on their satisfaction 
about information/evidences provided for the relevant criteria.  
 
Calculations of Green Star rating scores 
 
In Green Star rating system, three steps are used to calculate the final Green Star rating. These 
include: the calculation of Category Score for each category, incorporation of environmental 
weighting for each category, and then the final calculation of overall score for a building/project.   
 
The first step is to calculate Category Score, which is based on the percentage of credit points 
achieved in a category to the available points for the category. That is 
Category Score (%) = Number of points achieved / Number of points available  
All calculated Category Scores, except for Innovation Category, are then weighted by the 
environmental weighting factor, which is sensitive to the location the building/project is 
sited/constructed, to become weighted Category Scores. That is  
Weighted Category Score = Category Score x Weighting Factor x 100 
The environmental weighting factors are designed to take account of localized issues, such as the 
supply chain and local climate etc. The variations in emission production from state to state 
throughout Australia may be caused by differential population densities, as well as varying ways 
of electrical production, including different types of energy source and different types of 
production method (GBCA, 2009).  Different with the other categories, the innovation category is 
not subjected to a weighting factor as it is independent of origin.  
 
Table 2. Green Star rating tool scores (GBCA, 2009). 
 
Overall Score Rating Outcome 
10 – 19 One Star Not eligible for formal certification 
20 – 29 Two Star Not eligible for formal certification 
30 – 44 Three Star Not eligible for formal certification 
45 – 59 Four Star Recognition / reward for “Best practice” 
60 – 74 Five Star Recognition / reward for “Australian Excellence” 
75+ Six Star Recognition / reward for “World Leadership” 
 
The third final step is to calculate overall Green Star rating score for a specific building/project. 
The weighted category scores and unweighted innovation scores are summed up and compiled 
into a Single Score:  
Overall Score = ∑
=
9
1i
Weighted Category Score  
This single score is then compared to the Green Star rating tool score table (Table 2) to determine 
the final Green Star rating of the project/building. Once a building has been certified, the onus is 
once again placed back on the developer and/or Construction Company, as well as the owners to 
market their particular design and Green Star rating. 
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INFLUENCES OF GREEN STAR ON HVAC SYSTEM DESIGN  
 
There may be many companies involved in the design and construction of a commercial building, 
from investors and shareholders, to the main construction contractor and sub-contractors. It also 
involves the inputs from architects and different types of building services engineers. Because 
Green Star reaches every aspects of the design and construction of a building, each and every one 
of these participants will be affected if the developers decide that it is in their interest to construct 
a building with a high Green Star rating.  
  
Through the examination of detailed points available for credits in each category, it seems that 
the categories that will influence on the design of HVAC systems may include the categories of: 
Indoor Environment Quality, Energy, Water, Emissions and Innovations. These are therefore 
further discussed below. 
 
Category 2 - Indoor Environment Quality: The category of indoor environment quality targets 
environmental impact along with occupant wellbeing and performance by evaluating the 
performance of HVAC system, lighting, occupant comfort and pollutants (GBCA, 2009). This 
second Green Star category has total 27 points available and is aimed at creating and retaining a 
healthier and therefore more productive work place. Indeed, in a typical situation, people may 
spend up to 90% of their time staying inside a building (Hawken et al, 1999). Particularly, an 
office worker may everyday spend more than 9 hours in his/her office. Therefore, the quality of 
indoor environment can have a direct impact on people's health and welfare, and seriously 
influence their work productivity. This category has arguably the most influential impact on 
HVAC design. It can not only affect the selection of equipment used in the HVAC system, but 
also the way in which this equipment conditions the space and its impact on the occupants of that 
space.   
 
One of main purposes of the HVAC system is to provide high quality air to the conditioned space. 
Indoor air quality is represented in Green Star by various criteria, including IEQ-1 Ventilation 
Rates (i.e. the intake rate of fresh air), IEQ-2 Air Change Effectiveness (i.e. the delivery system 
for supply air), IEQ-3 CO2 monitoring and control (i.e. the control of fresh air intake), IEQ-11 
Asbestos, IEQ-13 Volatile Organic Compounds, IEQ-14 Formaldehyde Minimisation, IEQ-15 
mould prevention (i.e. the control of air relative humidity below 60% for occupant space and 
80% in the supply ductwork) and IEQ-16 Tenant Exhaust Riser. These are required to be 
thoroughly assessed when designing a HVAC system. For example, in order to achieve points 
allocated to IEQ-1, the intake rates of outside air may have to be increased to much higher than 
that currently required by Australian Standard (i.e. AS 1668.2 – 2002). Highly publicized 
problems such as Legionnaires Disease and sick building syndrome can be avoided with green 
design like this. If a building is designed with natural ventilation for 90% of NLA (net lettable 
area), it could be awarded three points for the credit of IEQ-1.   
   
Another key aspect of the HVAC system is to provide comfort environment for the occupants of 
the building, so that productivity can be increased, absenteeism reduced, and morale improved. 
Comfort indoor environment is represented in Green Star by various criteria, including IEQ-9 
Thermal Comfort, IEQ-10 Individual Comfort Control and IEQ-12 Internal Noise Levels. These 
are required to be integrated into the HVAC design to provide extra comfort for potential tenants. 
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Enhanced creature comfort, flexibility of space (operable windows, control over lights and 
temperature), and a sense of well-being can be byproducts of green building design. If a building 
is designed to have PMV (Predicted Mean Vote) levels between -0.5 and 0.5 for 98% of the year, 
it could be awarded two points for the credit of IEQ-9.  
 
Other criteria within Category 2, including IEQ-4 Daylight, IEQ-5 Daylight and Glare control, 
IEQ-6 High Frequency Ballasts and IEQ-7 Electric Lighting Levels, can also affect the HVAC 
design indirectly. For example, the use of daylighting control, ballasts and the electric lighting 
levels may have an influence on the thermal load gain to the conditioned space and therefore the 
sizing of HVAC systems. If a building is designed to have daylight factor greater than 2.5% for 
90% of NLA, it could be awarded three points for the credit of IEQ-4. 
 
Category 3 – Energy: The energy category targets the reduction of greenhouse emissions from 
building operation by addressing energy demand reduction, use efficiency, and generation from 
alternative sources (GBCA, 2009). This category has total 24 points available and is assessed 
using the ABGR (Australian Building Greenhouse Rating) scheme (GBCA, 2009). Typically, the 
air conditioning systems account for 40 – 60 per cent of the energy consumption in commercial 
buildings (Fordred, 2008) and therefore have a major influence on a buildings energy profile.  
 
In order to achieve any credit point in the energy category, a minimum of 4 stars ABGR rating is 
required. There are also seven credit criteria available with a single massive15 credit points being 
available for “Ene-2: Energy Improvement” to reduce energy usage and CO2 emissions by given 
percentages for the buildings. That is, if a building is designed to achieve five stars ABGR 
(Australian Building Greenhouse Rating) and 60% CO2 reduction from the conditional four stars 
ABGR, it could be awarded fifteen points for the credit of Ene-2. Energy reduction is such a 
substantial aspect of HVAC design for Green Star buildings that it affects almost every aspect of 
the system, from the selection of the air distribution system, the chilled water/refrigeration 
system to the heat rejection systems. Because HVAC systems are the single biggest consumer of 
electricity within a commercial building, an innovative and energy efficient air conditioning 
system would be very important. 
 
Other credit criteria within Category 3, such as Ene-5 Office Lighting Power Density, can also 
have indirect influence on the HVAC design. For example, low lighting power density may have 
an influence on the thermal load gain to the conditioned space and therefore the sizing of HVAC 
systems. If a building is designed to have lighting power densities being 1.5 W/m² per 100 Lux 
for 95% of NLA, it could be awarded four points for the credit of Ene-5. It is also interesting to 
note the emphasis of energy management approaches, including metering and sub-metering, 
zoning and peak demand, in the credits to trace the energy usage profile independently and/or 
individually. 
 
Because of the major dependency of HVAC systems on input energy, this particular category will 
influence the design of HVAC system greatly. 
 
Category 5 – Water: The water category addresses reduction of potable water through efficient 
design of building services, water reuse and substitution with other water sources (specifically 
rainwater) (GBCA, 2009). This fifth Green Star category has total 13 points available and the 
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main credit that is related to the HVAC systems is “WAT-4 Cooling Tower Water Consumption”, 
which owns four points.  
 
In order to achieve maximum points from WAT-4 credit, potable water consumption for the heat 
rejection system should be minimized. For example, one of options may be the use of no water-
based heat rejection system if it is appropriate. If no cooling towers or evaporative cooling is 
specified in the design, four points could be awarded for the credit of WAT-4. 
 
Category 8 – Emissions: The category of Emissions addresses point source pollution from 
buildings and building services to the atmosphere, watercourse, and local ecosystems (GBCA, 
2009). The eighth Green Star category has total 14 points available and the main credits that are 
related to the HVAC systems include Emi-1 Refrigerant ODP, Emi-2 Refrigerant GWP, Emi-3 
Refrigerant Leak Detection, Emi-4 Refrigerant Recovery, Emi-8 Cooling Towers and Emi-9 
Insulant ODP. 
 
From above, it can be seen that the emissions category will affect the design of a HVAC system 
through both of the selection of the techniques for the generation of cold and the rejection of heat. 
For example, two points could be awarded for the credit of Emi-1, if the refrigerants selected 
have no ozone depletion potential (ODP) and low global warming potential (GWP), or no 
refrigerants are used at all. Moreover, there are also requirements on the preference of heat 
rejection systems (i.e. to reduce legionella) and the choice of type of insulation to satisfy the 
credit criteria. One point could be awarded for the credit of Emi-8, if there are no cooling towers 
used. Also one point could be warded for the credit of Emi-9, if the selected thermal insulations 
have no ODP substances contained.  
   
Extra Category – Innovation: This “extra” category rewards marketplace innovation that 
fosters the industry's transition to sustainable building (GBCA, 2009). The innovation category is 
a new addition to Green Star with total five points available for the category. It consists of three 
credit criteria, including Inn-1: Innovative Strategies and Technologies, Inn-2: Exceeding Green 
Star Benchmarks, and Inn-3: Environmental Design Initiatives. 
 
HVAC is such a major feature of many commercial buildings that has the potential to achieve 
innovation credit points through the design and implementation of new and innovative 
technologies that may not be widely used. Generally speaking, most innovative HVAC 
technologies are costly but for companies that are willing to input the extra capital, many 
innovation points will be available.  
In summary, it can be seen from the above discussions that the influence of Green Star on HVAC 
systems is very significant. It has implication on almost every aspect of the design of HVAC 
systems, including the selection of air handling and distribution systems, fluid handling systems, 
refrigeration systems, heat rejection systems and building control systems etc.  
 
Potential conflicts within different criteria of Green Star: Because Green Star promotes both 
the interests of (1) reducing and minimizing the environmental impact of the proposed building, 
and (2) increasing and maximizing the comfort of the tenants/workers that occupy that building at 
the same time, these two interests may sometimes have conflicting criteria in the achievement of 
credit points. For example, increasing outside air rates would bring credit points for IEQ-1, but it 
could also have penalty in the use of more energy to condition them, particularly in hot and 
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humid climate, therefore the ENE-2 Energy Improvement criteria could be potentially 
compromised. Another example is that increasing the use of daylighting may not only reduce the 
amount of lighting energy, but could also bring certain penalty in higher heat load for HVAC 
systems. 
 
Therefore, it is always a challenge to overcome/balance these potential conflicts to achieve best 
possible green star rating. In order to reduce such conflicts, the Green Building Council of 
Australia is constantly reviewing, researching and updating Green Star rating criteria and 
associated design tools and guidelines (GBCA, 2009).  
 
CONCLUSION 
 
This paper has evaluated the potential impacts of adopting Green Star on the various practices 
and options of HVAC system design. It has been shown that such a tool can has significant 
implications on almost every aspect of the design of HVAC systems. It has also been shown that 
such a tool would be potentially useful not only in the comparison between different buildings, 
but also could be used to improve the internal environment, reduce the environmental impact, 
optimize life cycle costs of the building and to encourage best practice. 
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